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SUMMARY 

A «*««ly of the F-l«yer «I the ionosphere  made with  an  HF backscatter 

tmdmf usitt«  « narrov-beais «atenna  has  revealed  a   large number of irregu- 

larities  in   t)i» Bite range fron SO km  to  500 km  in  north-south   extent. 

It  has feem poaaibl« to divide these irrpgulari ti es  into   five  types  which 

have been named sp»t.   li.e.   aplit,   step,   and   range   variable.     On  the   basis 

of »0 one-hour   records/   the probability of  the occurrence  of  each  type 

ha*, be*..estimated <apat:   60 per cent;   split:   90  per  cent;   others:   less 

that JO per  cent of the  time).     North-south  motion  of  the  irregularities 

ha» been observed..but  U occurs   less   than  10 per  cent  of  the   time and 

always .with  mo»emeBt   from  north  to  south.      When  observed,    the  average 

velocity of  movement  i«  of  the order  of  1000  km/hr;     On  occasion,   growth 

and   fade^of. the  irregularxties  has  been   noticed,   with   the time  from start 

of  growth   to   time of  fade-out   bexng  of  the order  of  10   to   IS   minutes. 
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I •    iNTROniJCTION 

Sine« November of I960 I .t«dy «f «,811-mcale F-fayer inegalaritiea 

.    ha» been in progres* «t Site S14 of th. Stanford R^io«ciaa«e Laboratory. 

The work   has had the  followsiir four specific  «iaa: 

1.      It wa» desired to determirt. if «mall  perturbations   (areaa of     '. 
high or low i0B dens.ty)  in the F-regioa noVed with time.     If 

so,   their welocitje. and direction.,   along with their »isb.   • were  to be  recorded. •**"»• 
* 

2       Splits   in  range of the   fir.t hop  retor« had been  noticed previ- 
ously.   and  ,t  was de.ired to  look «ore closely at  tbia behayior. 

3.     For the small  areas tneotioaed in (1)  abore that did not oove. 
duration, was   to be studied. • ""P^»» 

4"     a^L^^nd1^^ the ^r' Were ^ be »«""PeJ.togetb.er ia oonslder-•' 
ation,   and  their  eorrelatio« with magnetic aetitity determined.    ' 

A  study pf  this nature was  made possible through  the use of ,.« '•     " 

antenna   array with   a   very narrow horizontal  bea«*idth. - The antenna i.     ' ' 

an   array  of eight  parallel   rhombic  antennas  resoltlng in  .„ apertllre ef 

1600   feet.     The  beam   (2°  wide  between half-power point,  at   IS Mc)   i.. 

capable  of being slewed  automatically  in  one-.degree step.,    fron, 082«   to . 

097-   in   azimuth.1     This   slewing  .s.accomplished  by mean,  of relays.   ,„    :    ' 

that   the   antenna   can   be  used  simultaneously   for  transmitting  and re- 

ceiving. 

Other   studies   similar  in   nature  to   this   one have bee«  conduced 

using   the   backscatter   technique.2   but   these  experiments  bate been' * 

I   
For   further  details   on   this   antenna   see:   G.   Barry • 0     G     XifUrJ     ,.       .ru 
istics   of  small-scale   F  !.„., i      • DarTY.   U.   Ü.   TillarJ.   Jr.,   »Character- 

with  a  steer      eow:.,;"8       T16:    !dUCed   ^  back —^-undings  made 
Report No.   22    Januarv   3       ^      r Stanford .^-"ience Laboratory.   Technica! 

^ no.   JJ.  January   3,   1961, Contract  Nonr 225(33),   MR 087  090* 

'::„:::;;;;::: j:^qr;t:k'
Mo:;ons o; large-scaie tra-eii-di^— 

Radio Propagation L bo  eto'scrrp V"tiCal   ^^  reCO^ds,'   S^i°'* 
AF19(604)!l   30;   anl L  "    T^t !„       ^ ^   ^   ^  ^   ^   Co— 
backscatter  so nders'     J^urna       i R

IOnOSpJeri; ^°*'  «"served with ^igh   frequency 

Radio  Propagation.   loi^T^^ "  ^  "  ^^  "   ^ 

•   * 
1   - 



prtmanly concerned wit* fcraa4 ««4»» freatn* and lafge-sea!« mavlTig dis» 

• torbances.    Tti« report,  it i* believed. ,«• unique is.its uso of e oarro* 

•lewabl« beam .to stutfy «luall-aealu perturbatipn» both «naY£iiga,i»d «tatiön- 

• try. .     . • ' 

la Tyetea»» report^ several mathematical .»»if "pbyaieal  model» of 

iWoepberie ^eometrie»  are dereloped,   torn* of «bith will  be. IneerporäitoJ 

in  this report. 

^L.   H.   Tveten,   Op.   Cit. 

2  - 



II.    PROCEDURE 

The eqaipaent used consisted of the' a foreman tioned antenn«, a 

Granger Associates IpO-kw peak power pal so transmitter,  and a HaouDarlnnd 

SR-600 receiTer used in conjuntion with a logorithaic detector.    ThV data' 

,recording method was magnetic tape via an Ampex FR 100 tape recorder. 

With the antenna beam being automatically slewed through 16°.  the 

transmitter was pulsed:at 10 pps with a pulse width of 0.4 mu.    The re- 

ce'iver (used in a duplexer arrangement with the transmitter to permit 

using the array for both transmitting and receiving).wae set with a S-kc 

bandwidth.    The frequency of .15.3 Mc.:was chosen in order to eliminate 

any variables due to frequency.    The receiver IF «as run through a 

logarithmic detector whose output was recorded on tape.    The tape was     • 

later displayed on an intensity modulated oscilloscope and filmed On 

35mn film.     Each tape was filmed with three different gain settings with ' 

corresponding range settings (e.g., one gain setting corresponded 'to..'-. 

looking just at the upper portion of the first hop and «as filaied with ä 

range set ting o f 2000      5000 km depending on how far out the firat hop 
was)'. ./    .',,." ■•-■•.;.•'    •' "•'. •" *   . 

The time of day at which these tests were run varied from 0800 to 

1600 local  time «ith the majority of tests taking place before 1200. 

usually the tests «ere 120 minutes long,  although several were only 40 

or 80 minutes in length.    As yet no tests have been run after dusk.    The 

goal «a« 40 to 120 minutes of tape per day, but other experiments in- 

volving the use of the same equipment cauaed this goal to be unattainable. 

As a result,   the influx of data has been steady at times,  but sporadic 
in the long run. 



III.    flESUME OF TERMS 

At this tint it is convenient to describe the types of irregular- 

ities noticed.    The irregularities have been divided into five specific 
types as follows; 

1. 

2 

3. 

4.: 

5. 

Spot - This is an irregularity in the rsngeatianth backseatter 
display which is well-defined in both range and atfauth.    It: 

nstaslly consists of sn intensified region in the echo pattern 
which correspond! to an area in the ionosphere fro» 2° to 59 ! . 
in width and fron 100 km to 500 ka in depth.    An exsaple of the 
spot irregularity csn be. seen .in fig.  1.. 

Line   . This is the ssae as the spot except that it is' very thin 
in slant ranjge (about.50 ka) so that it appears as s line instead 
of being diffuae. like the spot-    See Fig.  2. 

Step - This type of irregularity appears as s fairly sharp 
discontinuity in range of a return which is otherwise constant 
.in range; -'.See .Fig. .3, .v-.!" 

Split --. Noticeable division in range of backseatter returns for 
a given hop within the range liaits of that particular hop 
rl* •nÄ,tfnce'   "*• 4,ho',r« "*««•"» «t aeversl discrete ranges 
which all. together aake up the. first hop. 

Äange Variefele - Batkscstter return Variable in range atf a 
function of atiauth.     (Differa froa the step in tbst it is 
continuously variable over seversl degrees instead of being 
discontinuous  froa one sector to the nest.)    See Fig    5 

- 4 
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IV.    TEXT 

■ • 

Karl? rceordtQg vas vis a  facsimile record «Titelt,  of necessity,   gave 

oxttpat  i» only oft«  fora. ..Mer» flexibility itt. data  processing was needed, 

.mo * change «a» Bad« to »agaetie-tap* data recording.     To  obtaim a   large 

- dynaaic  Kaage,  « .logaritlunie detector with'a 60-db range was u6ed. 

Each  record haa been examiltjsd  for behavior tying in with the  five 

•pecific «ia« aentioned in thm  Introduction.     In   the case of movinc  dis- 

karbaaceo,   it  is •oraetines hard to determine whether   there  is   really 

•oveaeat.Of the «pot or jnst a  rapid  fade.    Those  disturbances   that do 

.   see« to have definite novemeat,   however,   have been   tabulated.     In  the 

cose of   flnctnating disturbances,   it  is  very much   Easier  to   arrive   at  a 

tabulation, ■ as  the  growth and  fade  is   very noticeable  on   the   records. 

I/hen more  than one  F-layer  hop  is present,   the  patterns  become  highly 

.variable,   and due to  the complexity of  the  ray path  geometry   for more   than 

one hop,   no   attempt  will  he  nade to  explain  this   behavior  on   the basis  of 

a physical   model. 

Probably  the   easiest phase of this   study  was   the  determination  of  the 

degree  of  correlation  between  magnetic  activity   and  backscatter  activity. 

The results  of  the   study,   however,   must  be  considered  in   the   light  of   the 

source of  information.     Ak  magnetic   indices  (24-hour  averages)   were  ob- 

tained   from Fort Belvoir  in  Maryland,   and   the question   as   to   how  accurately 

they  represent  magnetic  behavior  at   the  point  of   F-layer  reflection  must 

be  kept   in   mind  when  reviewing  the  results  obtained. 

In  order   to  use  these  indices,   each  backscatter   record  was  arbi- 

trarily  graded   as  to   its  activity.     Grades  ranged   from   zero   (indicating 

no   activity---uniform   returns)   to   five   (indicating  highly  non-uniform 

behavior---many perturbations).     The  Ak   index  corresponding  to  a  particular 

day was   compared with   the  records   for  that  day,   and   a plot   was siade of 

record activity  versus   magnetic  index.      Figure 6  »hows   a plot of  the 

activity of all   the  records  taken on  tape versus  the Ak  indices.     (Facsiaile 

records   are  not  included since   during   this  portion   of  the   experiment   the 

radio  frequency was  allowed to'vary,   introducing a   further complexity.) 

•  10 - 
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\   INDICES  FROM  FORT   BELVOIR   VS  RECORD  ACTIVITY   BASED ON   ARBITRARY 

Split range  behavior hmm been noticed since  the beginning,   and a good 

portion of thi. report .ill «o. be spent in presenting a possible physical 

model to explain this behavior.     'Split range perturbation'  is the naoe 

given to the splitting of backscatter returns into mnny discrete range 

intervals,   so that each hop (depending on its  nice) is «.de üp of several 

of these returns   (Fig.   4). 

That the splits «ere actually due to ionospheric characteristics 

(rather  than equipment) «as determined by varying the characteristics of 

the equipment used (both for  receiving and for- recording the backscatter), 

.ith the  finding that the relative spacing of the splits «ss unchanged. 

Probably  the most convincing of the teats conducted,  consisted of both 

-  11 



fc&tring /in<! rfoiibüng efie tine »eale of tie tqaipmntit,* resulting in so 

AoticeaMe change in .the «pacing of  the «plits.     Ha«!  the c^tiipn«at beea 

the cause of  this behavior,   tfie  spacing  should hare changed very netieeably. 

•   In  his   report Tveten^  presents' the  basis of the model  «sed her*.     It 

consists  of a  simple curvature in  the   ionospheric reflecting layer which 

causes  focusing of  the   transmitted  rays,   but what  if more important i# 

that it  results  in  the  combination  of  many  ray  paths  into constant tine 

delay paths  which would   then  show up  on   the  amplitude  display   as  • peak 

at  that  delay  time.     This   curved section  of the ionosphere would cor- 

respond   to   a   segment "of  an   ellipse   whose   foci   are  the   transmitter and the 

ground   reflection point   (Fig.   7).     However,   as  Tveten  mentions,    it  it not 

necessary   «hat   the  reflecting  section   be  exactly   elliptical;   any  concave 

downward  curvature would  provide  some   constant,   or  nearly  constant,   delay 

path  bunching. 

This   report  is   concerned with   spacings  on   the  records  of  about  100 km; 

in   the  ionosphere   this   would  correspond  to  distances   of  the order  of 50  km 

between  peaks  of  ripples.     'The postulation   then   is   that  curves  of  constant 

ion   density  in   the  ionosphere  are  rippled   in   a   wave-like manner,    and  that 

these  waves   vary  in   accordance with  winds  or   tides   in   the  ionosphere.6 

Doubling  and  halving  the   time   scale  consisted  of  the   following   (taken  with   each  of  two 
different  detectors): 

Ten   minutes   of data  were   recorded  with   the   time  scale  set   by   a   transmitted pulse 
width   of  400 Msec   and  a   receiver  bandwidth   of  8000   cps. 

Next,   ten   more minutes   of  data  were   recorded  with   a  doubled   time  scale;    i.e.,   a 

pulse  width  of   1000 Msec   and   a   receiver   bandwidth   of  3000  cps.    (This   is   slightly 

more  than  doubled,   but  the   receiver had   fixed  BW positions of  3,   8,   and   13 kc.) 

The  last   ten  minutes  of data were  recorded with  a halved  time  scale   (pulse width: 
250 Msec;   bandwidth:   13,000  cps). 

These   six   sets  were  compared  with  each  other,   and   there  was  no noticeable  change 

in  the  spacing of the splits.   It was  concluded  that  the  effect was  ionosphere induced. 
JL.   H.   Tveten,   Op.   Cit. 

5Also postulated by Pierce, See: J. A. Pierce, 'The reception of radio echoes from 

distant ionospheric irregularities', Physical Revue, Volume 57, No. 2, pp. 95-105, 
January,   1940. 

-    12   - 
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Transmitter 
Ground  reflection 

point 

FIG.   7.      FOCUSING MODEL. 

Due   to   the.restrictions placed  on   the  dat..   fio  attempt  will   be made   to 

say  anything  about  the winds or  tides   except  .here they cause noticeable 

movements   in   larger-scale  perturbations   (the   spots). 

Using  the models  in  Figs.   8  and 9  an  attempt will  now be made   to 

find  the  approximate depth   (between  the  deepest  and  shallowest points of 

the  ripple)   that  would be necessary  to  provide  the  constant  delay paths 

observed.     For purposes  of  calculation,   the  virtual   height of  the  re- 

flection point  will   be  assumed  to be 300  km,   and  the  ground  range  to   the 

point  of  reflection   is   taken   as   700  km,   which  is   average   for one-hop 

returns   in   this   experiment.      Since  y originally  is   taken  as   the height 

to   the  deepest  part  of  the   ripple. A Z2  is   taken   as   12.5  km   to   correspond 

approximately   to movement   from  the deep  point to   the midpoint of the 

assumed variation of ion density   (Fig.   9).     The  following calculations 

then   determine  the change in  y  from the given  changes  in  z2. 

13 



FIG.   8.      HAY   PATH   GEOMETRY. 
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The   basic   equations  are 

xl + x2 *  ^ 

xj^2  =  y2 + z^ 

x2
2  =  y2+,?22 

C.(y2 + z12)1/2 + (y2 +^2,1/2 

C is   a   constant   and   is   equal 
to  the   length  of the  constant 
delay path. 

zj     =  2D- z2 

Solving  these   for y  in   terms of   Z2 gives: 

y2  =   (C2 - 4D2)2/4C2  + 2(1 - 4D2/C2)Dz2  ♦ (4D2/C2 - l)z2
2 

Taking   the  derivative  of y  with   respect   to   zn  leaves 

2y -iL - 2(1 - 4D2/C2)D + 2(4D2/C2 - 1): 
dz2 

■ 

or   for  small Ay 

2yAy •   (2D- 2z2- 8D3/C2 +'8D2z2/C2) A Z2 

Since   Z2   •  D + A z« 

2y Ay .   (-2A z2  + pD2Az2/C2) A Z2 

Ay   =   [(Az2)2/y](4D2/c2- 1) 

This   is   the desired   result,   since   Ay can   now be   calculated: 

Az2  =  12.5 km h     = B- (B2 - D2)1/2 

y  =   300 km + h' D'   = 700 km 
■ 

D =   B sin(D7B) R  «   6367 km 

Since D'/R «  1,   sin(D7R) ~ D'/P  giving 

D ^ B(D7R)  -  D'   =  700 km 

-  16  - 



then 

h  - R- (R2-D2)1/2 ^ 40 km 

y  =   340  km. 

Since  C  is constant it  can  be calculated  for   the   case wherein 

xj   =  X2  and  zj   =   23   =  D.     Thus 

C =   2x   =   2(y2+D2)1/2 % i56o  km. 

Finally 

|Äy|   = .[(12.5)2/340] [(1400/1560)2 - 1]  ^ 90    m. 

l>sing   ZVy  =   100  m,   we   see   that  the   total   variation   in  height   frc 

the   lowest  to   the   highest points  of the   ripple need  only be   200  meters. 

Variations   as   small   as   this   are   very   reasonable  to   expect  since  much 

larger   variations  have  been   tabulated  via   ionograms. 

So   far   the   considerations   have  been   entirely  with   straight   ray  paths; 

if actual   ray  paths   (which  are   curved   due   to   the   constantly  changing    • 

dielectric   constant)   are considered,   the   situation   becomes   complex.? 

Figure   10   shows   a   sketch of  the   rippled   F-layer  where   the  rippled  lines 

are   lines  of   constant   ion  density.     The   figure  shows   two   ray  paths 

(typical   of  those   calculated  on   the  basis  of a  Chapman   layer)8   superimposed 

upon   the   rippled   ionosphere.      (Remember   that   this   figure.is  only  a   crude- 

sketch   and does  not   represent   any particular   ion   density  gradient.) 

rom 

It  is  conceivable  that   a  digital  computer program could be  written  to handle  the 
analysis  on   a  more  or   less   rigorous   basis. 

8A.   M.   Peterson,   0.   G.   Villard,  Jr.,    (Title SECRET),   Stanford  Radioscience  Laboratory 

Technical   Report No.   20.   Novembeb  20,   1960,   Contract Nonr  225(33),   NR 087  090.   SECRET 
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It e*n hm teen  fron t!i««e »ay paths that as  the ray readies  its  curve«! 

pealc,   it  spends considerably more  time within   a  section  of assumed  con- 

stant  ion  density thai» it does  in  the corresponding sections on  the  way 

«p  ot  down.     The postulation   then  is ,that  the  effect on   a particular  ray 

due to   the ripples   is  small   on   the  way  up,   but   is  greatly   enhanced   at 

the peak---enough   so   that   the  necessary  focusing effect   is   induced. 

That   the  effect  on   the   ray  path  due .to   the   ripples   below  the  peak- 

is  smail,   appears   reasonable  if  it   is  remembered  that   the   ripples   are 

extremely  small   (of  the  order  o.f  a   sinusoid  200  meters  peak.to  peak   with 

a  period  of 50  kiloineters)'.      Thus   lines  of  constant   ion   density  appear 

nearly  un.rippled   u'ntil   the  ray  is  bent   to  a  path  nearly  parallel   to   the 

ripples/?     When   this   happens,   even  the.very  slight  variations.postulated 

have   the   large   effect   calculated previously. 

This completes the population of „ physically acceptable-ionosphere' 

which would produce the splitting, effect'.noticed on the records.. It.must' 

be kept in mind, however, that- the latt.erpart of this di scussioh- has be.en 

far from rigorous, but it was felt necessary in order to make the. model, as 

complete as possible. It is only "a ' suggestion, bu-t itis felt'to be .a 

justifiable  one. 

On   the  basis   of  this   ionospheric model,    the   line  i rregulari.ty  can be 

explained   as   ray  path   focusing  by   a  single  ripple  where   the   surrounding 

ripples   have  been   disturbed   so   that  their   focusing effect  hasten- elim- 

inated.      This  would  have   the   effect  on   the   record  of giving  a   single   nar- 

row  return  separated   from  other   returns   by  more   than  a   hundred kilometers, 

but   this,   by  definition,   is   a   line  irregularity. 

9 
The  200-meter   figure  was  obtained  with  D =  700  km     A=   *I. L 
with   i-h.  ,...„..       i- r    , As   the  ra*  ^ones nearly parallel 
with   the   center  U„e  of   the   ripples,   the  effect  is   the  same  a.  a  large   increase  in  D 
and  thus   C,    wh.ch   (from >the  eqllations)   is   _„   to  ^^       * ^Z;;"****  "  D' 
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V.    RESULTS 

• 
la   forty-six of t»ie sixty records   reviewed,10  there  ate spot   ipreg-8 

ularities  (in   the   first11 or  second hop)   which  are either   constant  with 

time,   or  move,   or   fade.     In   the  fourteen  records  which   did not have   this 

irregularity,   twelve  had no   irregularities   (except  splits)   at all.     The 

spot   sizes   vary   from   15  km  to   300 km  in   width.     Of  the  spots  noticed, 

about  80  percent of  them   faded  in and out with   time.     The  duration   does 

not  seem  to   be  a  linear   function of size   although   the  very  large   spots 

(of  the order  of 8°  in  width)   do  last   longer  than   the smaller ones.     With 

the  smaller  ones  the  duration   lies  between  4 minutes   and   15  minutes, 

although   in   rare instances  a   spot one  degree  wide   will   appear  and   disap- 

pear  in  the  space of one minute.     The  line spot  acts   like  an ordinary 

spot  except   that  it  is  much   rarer,   appearing in  onlyabout   fifteen   records. 

The   rarity of  the  line  irregularity is   understandable  in   view of  the   ex- 

planation  of   this   irregularity   given  in   the  text. 

To  be classified   as   a moving  irregularity,    a  perturbation  had   to 

satisfy  the   criterion   that  it   move at   least  its   total   width  in  azimuth. 

On   this  basis  only nine   of  the   sixty   records  contained moving  irregu- 

larities,12   and- four of  these  nine contained  eight   of  the   fourteen   moving 

irregularities  noticed.      The  velociues   varied   from  500  km/hr  to   1500  km/hr 

with   the  average .close   to   1000   km/hr.      Size   had  no   apparent   effect   on 

velocity   (see. Table  I).      All   of   the movements noticed  were movements   from 

north   to  south---none   in   the  opposite   direction. 

Average   length   of  the   records  is   two  hours   each. 

There  have probably  been  more spots   in   the  first hop  than  our method of recording 
has   indicated. 

12It  is necessary   to  re-emphasire  at   this point   that  this   report has  been written   to 
deal   only  with • small-scale  irregularities.   Thus,   detection   of movement  was   usually 
Possible only  in   the cases of movement in azimuth.   No  attempt has  been  made  to  de- 
fine movement  with  respect  to  range   since such  movement would have had  to be  con- 
taihed-in  one   hop,   and   this   behavior  was never  noticed. 
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TABLE   !. TABUIATION OF  MOVING IBREGutARtms 

N-S width of Range  to Extent of Approximat« % 
irregularity ionosphere N*S movement velocity 

(km) (km) <km) <km/:ilie) 

1*0 1200 320 1100 
210 4200 500 1500 
130 7600 130 1000 
100 5800 100 700 
80 1100 80 500 

150 4400 150 1100 
250 3800 430 1200 
100 2200 250 600 
100 2200 170 700 
100 2200 100 700 
100 2200 550 1500 
150 3000 500 1000 
150 3000 200 1200 
270 5400 1000 2000 

The   step   discontinuity  appears   to   be  quite   rare,   as  it  was  noticed 

in   only   four   records,   but   twice   in  each   of  two  of   the   records.      It  has 

never   lasted   longer   than   10  minutes,   and   it   has   always   been   closely   followed 

by   the  range-variable  irregularity.      In   four  of   the  six  times   it  has   been 

noticed,   the   step   has  moved   in   range just  prior   to   the  change   to   the  range- 

variable  behavior.      The   range-variable  irregularity   is  not   so   rare,   appear- 

ing  in   twelve   records  in   varying  degree  but  always  with   the   southern   end 

being  the   end  closer   in   range.      The   length  of   time   this  behavior   appears 

to   last   is   between   10   minutes   and   30   minutes. 

Of  the   five   irregularities   classified   in   this   report,   the  split  was 

the  most  commonly   notice'd.      It   appears  in   fifty-three  of  the   sixty  records; 

and   in  every   record  where  it  appears   (except  one),   it   is   a  continuous 

behavior  lasting   the  entire   length  of  the   record.      In   the one   exception 

the  record   changed   from  a   record of apparent  turbulence   to  one  of  the 

normal   split   range  behavior.      In   the  seven   records   which  contained no  split • 

range  irregularities,   the   individual   hops   appeared  very   turbulent   in  make- 

up   (Fig.   11).      The   splits   appear  in   all   hops,   which   would have  been  ex- 

pected on   the  basis  of  the  model. 

21 



From Fig.   6  it can I« »een  that  there  £s nö  apparent CprtelatioQ 

fcetween  the record  activity eii<f t^e A^ index  from Fort Belvoir.     This 

suggests  that  long-term  (24 hour  average)   magnetic  disturbances have tio 

apparent  effect on  the irregularity behavior of  the ionosphere,  but  it 

does not   eliminate  the possibility  that  relatively  rapid changes in  mag- 

netic  activity do  have  an  effect. 

-   22 



H 
E < 
= 

u 
(J z < e 

« H 
j - a 
a. vo o 
(«  en 

—* o 
O o 
Z  X »- 

(J ^. 

?= 5 ^ H   <   S- 
•-> z => 
*      o 
Q   -H   •< 
as 
o  •■   •■ u u u 
U   H   X 
C   <   «-■ 

a e- 
o 
u 
J 
B. 

< 
X 

o o o o 
o o o o 
o o   O O   ö 
»O ^    fO   OJ    — 

•(WX) 39Nvy 

23 



LARGE SCALE SPLITS a RANGE VARIABLE 

LINE 
SPLITS 

Z 
it 

UJ 
o 
z < 
IT 

SPLITS a SPOTS 

-i-.m-'toTmnmifmv 

RANGE VARIABLE 

5000 
, SPOTS a SPLITS 

FIG.  12.  EXAMPLES OF TYPICAL PECORDS. 

DATES: SECOND PICTURE - 10 HAY 196 1 
OTHERS - 13 MAY 196 1 

TIMES: ALL ABOUT 2300 GMT 
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FIG. 15.  SECTION OF RECORD JLST PRECEDING 
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DATE:  10 MAY 196 1 

TIME: ABOUT 1600 GMT 
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FIG.     16(a).       EXAMPLE   SHOWING   CONTINUOUS   RECORD   OF 

ABOUT   40    MINUTES   LENGTH    [INCLUDING   PART   (b)]. 

DATE:    20   MAY    1961 

TIME   OF   START:    ABOUT   2230   GMT 
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Wl.  CONCLUSIONS 

The  records   «eem to indicate  that «ach   small-scale   irregularity of 

the  F-layer  can   be classified  as  one  of   four  different   types.     The   types, 

as   listed earlier,   are  the  spot,   step,   split,   and  range   variable   (the 

line  irregularity  has bee»  included  within   the  scope  of   the  spot). 

The  split   is  most common,   and  the  chances  of  seeing   this  behavior 

to   the   east at  any  time  interval   during  daylight   (at  point  of reflection) 

are  probably  better  thai» 90 per   cent. I3 ' The   spot  is   less   common,   but 

during  any hour   interval, of daylight  chances  of  seeing   i„t   are probably 

better   than  60  per  cent.      The  range  variable  irregularity   is   relatively 

rare,   appearing probably   less  than  20  per  cent of   the time.     At  present 

the  s'tep   discontinuity  is   a   rare  occurrence,   and  no  attempt  can  be   made 

to   say  how often   this might  occur. 

All   of  the   irregularities   (except   the  split)   seem  equally   likely  to" 

move,   but  very   few of them   (fewer  than   10  per   cent)   do.      When   they   do 

move,   however,   they  appear   to  move  in   a  southerly   direction^" wi th   an 

average   velocity   of  about   1000  km/hr.      The   irregularities   are  more   likely 

(about   50  per   cent   of  the   time)   to   fluctuate   in   intensity growing   and 

fading,   on   the  average,   in   10  minutes. 

As   indica'ted   earlier   there  is   no   apparent  correlation   between   record 

activity  and magnetic  activity  unless   it   is   on   an   instantaneous   basis. 

It  is  possible,    however,   that   the  Aj^   indices  obtained   from  Fort  Belvoir 

are not   sufficiently  indicative  of magnetic   activity   at   the  points   of 

ionospheric  reflection.      If  further  work   is   attempted on   this  study,    the 

magnetic   activity   should be   looked  into  more  closely.     Other   improvements 

of  this   study  might   include  Doppler  shift  information,   around  the   clock ' 

data,   and more   information  on   behavior   in  directions  other   than  east. 

13. 

14 

This report has been limited to a radio frequency of 15 Mc, but small samplings 

have seemed to indicate that the behaviors mentioned are typical in the frequency 
range 15 Mc to 30 Mc. 

As opposed to movement toward the north. No attempt has been made to define east- 
west motion. 
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